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ABSTRACT: The ultrastructure of three partially degraded Hungarian lignite samples are described 
in this paper. The new data presented herein are evaluated with the previously published literature.The 
advantages of the application of the ultrastructure technique in the investigation of fossil organic 
material are discussed. 
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INTRODUCTION 

Hungary is rich in Middle and Upper Tertiary lignites. There are a number of papers 
dealing with the light-microscopy (LM) of these lignites in thin-sections: Tuzson (1906), 
Hollendonner (1931), Sarkany (1943), Simoncsics (1956), Greguss (1959), Haraszty (1933, 
1953, 1957, 1958), Maacz (1955), Stieber (1955), Rakosi (1960), Palfalvy and Rakosi (1979), 
Kedves (1959, 1999a, b), Kedves et al. (2000), etc. Based on the LM of the lignite sample 
anatomy, the greatest part of them are Taxodiaceae wood, mostly with a Sequoia affinity 
(Sequoioxylon gigantea and S. sempervirens types), and Taxodium (Taxodioxylon taxodii ), 
and rarely Glyptostrobus (Glyptostroboxylon ). Wood anatomy research always has been 
interdisciplinary with the fossil wood remnants being compared to the anatomical data of 
Recent taxa. It has been shown that transmission electron microscopy (TEM) and scanning 
electron microscopy (SEM) analysis alter some of the wood's fine structure. These alterations 
were established by the irradiation studies of laser cut surfaces (Antoine et al., 1971, Bamber 
and Sangster, 1977, Necesany, 1979). During our associated investigations of the organic 
remnants of radioactive mud of Lake Vadkert, Hungary, we used the TEM method to 
establish that woody fragments transported the radioactive elements to the mud (Kedves and 
Szederkenyi, 1988). These TEM data were useful for the interpretation of the woody fragment 
transformation during sedimentation. A research program on different lignite samples was 
initiated in our laboratory with the preliminary results being published by Kedves (1997). 
These initial results were followed by light-microscopical anatomical studies (Kedves, 1999a), 
and subsequently followed by published TEM data (Kedves and Pardutz 1999, 2000). 
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The purpose of this contribution is the following: 1. To present additional new untreated 
and experimental data on the ultrastructure of lignite fragments. 2. To summarize and 
evaluate our previous data and to discuss possibilities for further research on the ultrastructure 
of fossil organic remnants. 


MATERIALS AND METHODS 

Untreated fossil lignite samples control samples were used in order to determine how the 
chemical treatment of the fossil lignite modified the experimental samples. Both the original 
and the partially dissolved fossil lignite fragments were studied with TEM. Diethylamine and 
mercaptoethanol were used for the partial solution of the tissue remnants (Kedves, 1997). The 
tissue material was postfixed with 0s04 and embedded in Araldite (Durcupan, Fluka). The 
ultrathin sections were made with glass knives on a Porter Blum ultramicrotome.The 
microphotographs were taken on a Tesla BS-540 instrument with a resolution of 6-7 A. The 
first TEM data on this technique appeared in two previous papers (Kedves and Pardutz, 1999, 
2000 ). 

In this paper new TEM data of the following samples are presented: 

1) Keresztespuszta - 2307 m, Upper Pannonian, Sequoioxylon gypsaceum (Goppert) Greguss 
1967 (Plate 1, Figs. 3-10). 

2) Bataszek, western profile, Upper Pannonian, Sequoioxylon medullare (Goppert) Greguss 
1967 (Plate 2, Figs. 14-21). 

3) Bataszek, Upper Pannonian, layer D-l/L, Sequoioxylon gypsaceum (Goppert) Greguss 
1967 (Plate 3, Figs. 27-31). This sample was coalified. 

The detailed LM anatomy was published previously (Kedves, 1999a). In this contribution 
some LM pictures are presented before the TEM data, to demonstrate the preservation of the 
tissue remnants (Plate 1, Figs. 1 and 2, Plate 2, Figs. 11-13, Plate 3, Figs. 22-26). As regards 
the LM anatomy of the secondary wood of the recent gymnosperms the following basic works 
were used: Hollendonner (1913), Greguss (1955, 1958, 1968, 1972). For the fossil remnants 
the comprehensive book of Greguss (1967) and TEM data from Frey-Wissling (1978) and 
Jane (1970) were also used. 


RESULTS 

1. Sample: Keresztespuszta - 2307 m, Upper Pannonian, Sequoioxylon gypsaceum (Goppert) 
Greguss 1967 (Plate 1, Figs. 1-10). 

The LM pictures taken from the untreated lignites clearly illustrate that the structure of the 
secondary wood is degraded, but to a large degree, not coalified (Plate 1, Figs. 1 and 2). The 
pits in the cross-fields are relatively well preserved (Plate 1, Fig. 2). The TEM data of the 
lamellar ultrastructure of the secondary wood of the untreated sample is depicted in Plate 1, 
Fig. 3. There are both light and dark electron-dense portions within this lamellar structure. 
The dark, elongated or drop forming, particles are between the lamella are, in all probability, 
the resinous material of the degraded longitudinal parenchyma cells. 

After treatment with diethylamine, a homogenization of the secondary wall was observed 
(Plate 1, Figs. 4 and 5). Some electron-dense particles are in the lighter material which may 
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Plate 1. Sample: Keresztespuszta-2307 m, Upper Pannonian, Sequoioxylon gypsaceum (Goppert) Greguss 1967. 
Figs. 1 and 2. LM pictures. Fig. 1. Tangential section, 500 x. Fig. 2. Radial section, 1000 x. Figs. 3-10. TEM 
pictures. Fig. 3. Ultrastructure of the non experimental xylem remnants, 5000 x. Negative No.: 7435. Figs. 4 and 
5. Ultrastructure of the partially dissolved woody fragments with diethylamine, 5000x. Fig. 4: Negative No.: 
7439. Fig. 5.: 7441. Figs. 6-10. Ultrastructure of the partially degraded woody fragments with mercaptoethanol. 
Fig. 6: 500 x. Negative No.: 7443. Fig. 7. 15000 x. Negative No.: 7446. Fig. 8. 15000 x. Negative No.: 7444. 
Fig. 9. 50000 x. Negative No.: 7447. Fig. 10. 50000 x. Negative No.: 7445. 
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be the coalified parts of the secondary wood, or perhaps resinous remnants. The effect of the 
mercaptoethanol is interesting. The lamellae of the secondary wood may be recognized in 
some parts (Plate 1, Fig. 6). The fine structure of the electron-dense material was determined 
with this experiment. Dark drop-forming particles (Plate 1, Figs. 7, 9 and 10), or globular- 
units arranged in helical structures also were observed (Plate 1, Fig. 8). 

2. Sample: Bataszek, western profile, Upper Pannonian, Sequoioxylon medullare (Goppert) 
Greguss 1967 (Plate 2, Figs. 11-21). 

The LM pictures well illustrate the preservation of the wood. (Plate 2, Figs. 11-13). The 
wood in this sample is not coalified, but compressed, and in general the early wood is 
degraded but not homogeneized. The late wood is in a relatively well preserved condition 
(Plate 2, Fig. 11). The ray cells are more or less well preserved (Plate 2, Fig. 12). The radial 
wall areolate pits are in a massula due to the degradation of the tracheids (Plate 2, Fig. 13). 
The TEM results of the lamellar ultrastructures of the secondary wall of the untreated lignite 
fragment is relatively well preserved (Plate 2, Fig. 14). In some parts of the secondary wood 
there are areas with high electron-density (Plate 2. Fig. 15). In a highly magnified photo, the 
details of the electron-dense lamellar units are well shown (Plate 2, Fig. 16). Within the 
elongated elements there are dark and globular units arranged in an irregular pattern. 

After treatment with diethylamine (Plate 2, Figs. 17-19), the electron-dense elements of 
the lignite are not so characteristic. The submicroscopic structure of the more or less 
homogeneous early secondary wood is illustrated (Plate 2, Fig. 17). The ultrastructure of the 
above mentioned untreated lignite material is illustrated on Plate 2, Figs. 18 and 19, whereas 
the electron-dense particles were, in all probability, dissolved. The partial dissolving with 
merkaptoethanol revealed the characteristic lamellar ultrastructure of the secondary wood 
(Plate 2, Figs. 20 and 21). The superficial ultrastructure is also well shown in these 
illustrations. 

3. Sample: Bataszek, Upper Pannonian, layer D-l/L, Sequoioxylon gypsaceum (Goppert) 
Greguss 1967 (Plate 3, Figs. 22-31). 

The LM pictures well illustrate the coalified, but the anatomical well-preserved secondary 
wood (Plate 3, Figs. 22-26). However, the annual rings here are not so distinctively defined 
(Plate 3, Fig. 22). The horizontal wall of the longitudinal parenchyma cells are smooth, whic 
is characteristic of the Sequoia wood type (Plate 3, Fig. 23). The TEM photographs (Plate 3, 
Figs. 27 and 28) illustrate well the coalified secondary wood. However, also clearly shown is 
that the coalification of both the outer and inner portions of the secondary wall are not 
identical in their electron-density and the electron-dense area is located in the inner portion. 
The less electron-dense outer wall is not well-preserved and very fine microfibrillated or 
lamellar units can be recognized. After partial dissolving with diethylamine (Plate 3, Fig. 29) 
there are some electron-dense particles in the outer portions of the less electron-dense 
secondary wood. The inner wall parts, with their electron-dense elongated particles, probably 
represent the above-mentioned electron-dense layer. The material that was partially dissolved 
with merkaptoethanol produced approximately the same results as found in the untreated 
lignite (Plate 3, Fig. 30). The ultrastructure illustrated on Plate 3, Fig. 31 is interesting 
inasmuch as it appears that, in ultrathin sections, it is part of the resinous material with its 
characteristic network-like ultrastructure. 
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Plate 2. Sample: Bataszek, western profile, Upper Pannonian, Sequoioxylon medullare (Goppert) Greguss 1967. 
Figs. 11-13. LM pictures. 11. Cross section, 250 x. 12. Tangential section, 250 x. 13. Radial section. 7000 x. 
Figs. 14-21. TEM pictures. Figs. 14-16. Ultrastructure of the non-experimental xylem remnants. Fig. 16. 5000 x. 
Negative No.: 7417. Fig. 15. 15000 x. Negative No.: 7413. Fig. 16. 50000 x, Negative No.: 7414. Figs. 17-19. 
Ultrastructure of the partialy degraded woody remnants with diethylamine. Fig. 17. 5000 x. Negative No.: 7418. 
Fig. 18. 5000 x. Negative No.: 7419. Fig. 19. 15000 x. Negative No.: 7422. Figs. 20 and 21. Ultrastructure of the 
partially degraded xylem remnants with mercaptoethanol. Fig. 20. 5000 x. Negative No.: 7426. Fig. 21. 15000 x. 
Negative No.: 7427. 
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Plate 3. Sample: Bataszek, Upper Pannonian, layer D-l/L, Sequoioxylon gypsaceum (Goppert) Greguss 1967. 
Figs. 22-26. LM pictures. Fig. 22. Cross section, 250 x. Fig. 23. Tangential section, 250 x. Fig. 24. Tangential 
section, 1000 x. Fig. 25. Tangential section 500 x. Fig. 26. Radial section, 1000 x. Figs. 27-31. TEM pictures. 
Figs. 27 and 28. Ultrastructure of the non-experimental xylem remnants. Fig. 27. 5000 x. Negative No.: 7411. 
Fig. 28. 5000 x. Negative No.: 7408. Fig. 29. Ultrastructure of the partially degraded woody remnants with 
diethylamine, 15000 x. Negative No.: 7429. Figs. 30 and 31. Ultrastructure of the partially degraded xylem 
remnants with mercaptoethanol. Fig. 30. 5000 x. Negative No.: 7430. Fig. 31. 50000 x. Negative No.: 7434. 
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DISCUSSION 

In 1959 Ehrlich and Hall first published the cell wall ultrastructure of Eocene angiosperm 
pollen grains. It was in this paper that the term the "ultrastructure phylogeny" of the plant cell 
wall was initially introduced. This pioneer work was followed by a large number of 
publications on the ultrastructure and evolutionary trends of fossil spores and pollen grains. 
Later, fossil cuticles were also investigated with the TEM (Archangelsky et al., 1986; 
Thevenard et al., 1999, and Bajpai, in press). More recently, TEM studies on Botryococcus 
braunii Kiitz isolated from an oil shale were published (Kedves and Pardutz et al., 2000). The 
transmission electron microscopical studies were also used on the organic remains in amber 
which, in some cases, may also preserve fossil protoplasm (Kedves and Szonoky et al., 2000). 
Several new research opportunities were presented by the study of the partial degradation of 
Recent and fossil taxa (Rowley, 1967, Rowley et al., 1981, Rowley and Prijanto, 1977, 
Southworth, 1986). Through the techniques developed by these earlier workers, we now can 
obtain data on the molecular and highly organized biopolymer systems of the plant cell wall 
and the modifications of the fossil material during taphrogenesis. Unfortunately, there is 
limited published information on transmission electronmicroscopical data available on fossil 
xylem studies. However, taking into account of the present available knowledge, we can 

summarize the following: 

1. Through the unltrastructure studies of the untreated and partially degraded woody 
remains we were able to obtain new data on the processes taking place during the degradation 
of both the fine and molecular structure of secondary wood. 

2. The results of LM studies of partially degraded lignite samples with diethylamine and 
merkaptoethanol were surprising. Taxonomically important alterations appeared at the radial 
wall tracheid pits and in the cross-field pitting (Kedves, 1997). It can be assumed that the 
identical or similar, alterations could take place during the fossilization process by other 
methods. 

3. Based on TEM data from Upper Tertiary lignite studies the ultrastructure pattern of the 
fossil resinous material observed in this investigation is typical. Moreover this fossil material 
is extremely chemical resistant to organic solvents used in the embedding process for the 

transmission electron microscope investigations. 

4. The preservation of the secondary wall xylem tissue is extremely significant. However, it 
was found through our TEM studies that the preservation of different parts of the wall are not 
uniform. There are important differences in their electron-density which may be the result of 
the heterogeneous coalification process. 

5. Mercaptoethanol is the best chemical to use in order to study the secondary wall 
microfibrilla structure. 

6. Electron-dense particle differences within the wall, or on its surface, may be the result of 
microbiological activity. 

7. Further experimental studies on these problems are in progress. 
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